ABSTRACT: Twelve ruminally cannulated steers (Angus × Holstein; average initial BW = 533 ± 3.28 kg) were randomly allotted to one of three treatments (four steers/treatment) to evaluate the use of pretanned leather shavings as a component of a protein supplement for steers grazing dormant intermediate wheatgrass (Thinopyrum intermedium Host). Steers were allotted to one of three treatments: 1) no supplement (control); 2) supplementation intraruminally at 0700 with soybean meal at .2% of BW (as-fed basis); 3) supplementation intraruminally with soybean meal and pretanned leather shavings (17:8 ratio, respectively) at .16% of BW (as-fed basis). Supplements were formulated so that intakes were isonitrogenous and were placed intraruminally once daily (0700). Sampling periods were conducted February 3 to 16 and February 17 to March 5, 1995. In situ organic matter disappearance of the soybean meal supplement was greater (P > .05) than that of the leather shavings supplement at all incubation times (1, 3, 6, 9, 12, 24, and 48 h). Data suggested that pretanned leather shavings within the leather shavings supplement were only 25% degradable within the rumen. Forage OM intake (control = 12.7, soybean meal = 12.7, and leather shavings = 13.4 g/kg of BW), grazing time, and grazing efficiency were not
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Received April 5, 1999 . Accepted October 4, 1999 735 altered (P > .10) by supplementation or type of supplement provided but did increase between the February and March samplings. Total intake was increased (P = .09) with supplementation and reflected the addition of the protein supplements. Particulate and fluid passage estimates were unaffected (P > .10) by the supplements; however, gastrointestinal fill increased (P = .01) between the February and March samplings. Ruminal pH was lower (P = .04) and ruminal NH 3 N concentration was greater (P = .02) for supplemented steers than for control steers, and supplementation treatments did not differ (P > .10). Total VFA concentrations were increased (P = .01) by supplementation but were not affected by type of supplement provided (P > .10). Ruminal molar proportions of acetate and propionate and the ratio of these two VFA did not differ (P > .10) between supplementation types. Nonetheless, supplementation increased molar proportions of butyrate (P = .04), valerate (P = .02), and isovalerate (P = .05), and leather shavings supplementation increased (P = .10) isobutyrate proportions over those in steers supplemented with soybean meal. Combining pretanned leather shavings with soybean meal seemed to have no deleterious effects on forage intake, digesta passage, grazing behavior, or ruminal fermentation and seemed to provide effects similar to those of soybean meal alone.
crease forage intake (McCollum and Horn, 1990) and alter digestion and passage of digesta (Galyean, 1987; McCollum and Horn, 1990) . However, most common plant protein supplements are readily degraded in the rumen and, as a result, provide limited amounts of escape protein. Sources of escape protein are often animal by-products, because they usually have more escape potential than those from plant products. Pretanned leather shavings, a by-product of the leather tanning industry, are primarily beef skin, which is composed of fibrous proteins such as collagen, elastin, and keratin. Previous research (Ackerman et al., 2000) suggested that pretanned leather shavings were poorly digested in the rumen and had a high escape potential. Furthermore, pretanned leather shavings supplemented intraruminally at low dietary concentrations and in combination with soybean meal in steers fed a moderate-quality fescue hay provided digestion responses similar to those elicited by soybean meal alone, when combined with a low-quality forage.
Our objectives were to evaluate the effect of a mixture of pretanned leather shavings and soybean meal fed to steers grazing a low-quality wheatgrass pasture on forage intake, particulate and fluid passage, ruminal fermentation, and grazing behavior.
Materials and Methods
Study Area. The study was conducted in a 32-ha pasture. Vegetation in the pasture was dominated by intermediate wheatgrass (Thinopyrum intermedium Host). The pasture was not irrigated, fertilized, or grazed for 1 yr prior to the study. The water-equivalent precipitation recorded during the months of January, February, and March was 8.4, 0.5, and 7.3 cm, respectively. The average maximum temperatures recorded during the same months were 7.3, 16.4, and 12.2°C, and the minimum temperatures were −.4, −.9, and .3°C, respectively.
Twelve ruminally cannulated steers (Angus × Holstein; average initial BW = 533 kg; SE = 3.28 kg) were randomly allotted to one of three treatments (four steers/treatment). Surgical procedures were approved by the University Animal Care Committee, and animal care followed procedures outlined in the Consortium (1988) guide. Steers continuously grazed the wheatgrass pasture from January 21 to March 5, 1995. Two digesta collections were conducted during February 3 to 16 and February 17 to March 5 to provide for adequate replication of the study.
Steers had free-choice access to water and trace mineralized salt (Diamond trace mineralized salt; Diamond Crystal Salt, St. Clair, MI; guaranteed analysis [percentage of DM]: NaCl, 97 to 99; Zn, .85; Mn, .22; Fe, .21; Mg, .10; Cu, .30; I, .01; and Co, .006 ).
Treatments were: 1) no supplement (controls); 2) supplementation intraruminally at 0700 with soybean meal at .2% of BW (as-fed basis); and 3) supplementation intraruminally with soybean meal and pretanned leather shavings (17:8 ratio, respectively) at .16% of BW (as-fed basis). The pretanned leather shavings used in this study were ground in a hammer mill to pass a 2.5-cm screen before formulation. This grind size was the smallest size possible and resulted in a final product with pieces no larger than 2 mm. The leather shavings supplement was fed isonitrogenous to soybean meal, and the leather shavings treatment was formulated in a 17:8 ratio to provide suggested amounts of degradable intake protein (based on steer weight and gain of 1.5 kg/d; NRC, 1985) and 65 g of escape N (Table 1) . Supplements were placed intraruminally via the ruminal cannula at 0700 while steers grazed. No disruption of grazing patterns was noticed. Steers were weighed weekly and the amount of supplement provided was adjusted accordingly.
Sampling Procedures. On d 1 through 6 of each sampling period, each steer was equipped with vibration recorders (vibracorders) to measure daily grazing time. To allow for adaptation to the collars, data from d 1 were excluded from analyses. Interpretation of vibracorder charts was similar to that described by Adams et al. (1986) .
On d 6 of each collection period, the same two steers (not withheld from grazing) from each treatment were completely emptied of their reticulo-ruminal contents (1 h), linings of the rumen were washed, and steers were allowed to graze for approximately 1 h. The newly grazed masticate was removed, and initial ruminal contents were replaced (Lesperance et al., 1960) . Masticate from each steer was allowed to drain through a 40-mesh screen for approximately 20 min to remove salivary contaminants. Individual masticate samples were lyophilized (Virtis Freeze Drier, Virtis, Gardner, NY; Broesder et al., 1992 ) and used to determine dietary quality. Composition of diet selected is shown in Table  1 . Additionally, one subsample was composited within treatment and served as substrate for in vitro OM disappearance (Table 1 ). The remaining non-lyophilized masticate was composited across steers, rinsed with tap water followed by distilled water, and labeled with Yb (Teeter et al., 1984) for use as a particulate phase marker.
Particulate kinetics were evaluated beginning at 0700 on d 8 of each collection period. A measured dose of Yb-labeled masticate was stratified from the ventral to the dorsal portion of the rumen. Fecal samples were taken from the rectum at 0, 12, 18, 24, 28, 32, 36, 42, 48, 54, 60, 72, 84, 96, 108 , and 120 h after dosing. Because of the differences in the quantity of masticate collected during each period, steers received varying amounts of DM and Yb (February: 45 g of DM, 639 mg of Yb; March: 32 g of DM, 934 mg of Yb). Beginning at 0700 (0 h) on d 13 of each collection period, ruminal fermentation was evaluated. Approximately 250 mL of whole ruminal contents was removed from each steer, and pH was measured with a combination electrode. Samples were strained through four layers of cheesecloth, acidified with 1 mL of 7.2 N H 2 SO 4 /100 mL of strained fluid, and frozen (−40°C). After initial sampling, each steer was dosed intraruminally with 200 mL of Co-EDTA (Uden et al., 1980) as a fluid phase marker. Additional ruminal samples were obtained at 1, 3, 6, 9, 12, and 24 h after dosing and processed in the same manner as the 0-h sample.
Determination of in situ DM digestion of the two supplements was also conducted on d 13. Duplicate polyester bags (10 × 20 cm; pore size 53 ± 10 m; Ankom, Spencerport, NY) that contained approximately 1 g of soybean meal or leather shavings (17:8 ratio of soybean meal:pretanned leather shavings), ground in a Wiley mill to pass a 2-mm screen, were suspended in the rumen of each steer for 0, 1, 3, 6, 9, 12, 24, and 48 h.
One empty (blank) bag was included with each set of duplicate bags. After removal, bags were rinsed in cold tap water until the effluent was clear, after which bags were lyophilized, placed in a forced-air oven (100°C) for 24 h, and weighed .
At 1200 on d 14 of each sampling period, approximately 500 mL of ruminal contents was collected from each animal, strained through four layers of cheesecloth, and prepared within 1 h of collection to determine in vitro OM disappearance of masticate samples and respective supplements (Judkins et al., 1990) . In vitro OM disappearance (two-stage) was used as an estimate of digestion for estimating forage and total intake.
Dried ruminal masticate samples and fecal samples were ground in a Wiley mill to pass a 2-mm screen. Dried masticate and fecal grab samples were analyzed for DM and ash. Diet samples were analyzed for Kjeldahl N (AOAC, 1984) , NDF, ADF, ADL (nonsequential method; Goering and Van Soest, 1970) , and ADIN (determined as the N fraction of the ADF residue). Crude fat content of the supplements was analyzed (AOAC, 1984) using a 50:50 mix of chloroform and methanol in place of ether.
Ytterbium was extracted from dried, ground fecal grab samples collected for particulate passage rate estimates using .1 M diethylenetriaminepentaacetic acid (Karimi et al., 1987) containing 1 g of KCl/L as an ionization buffer. To correct for background interference, standards were made using fecal material collected before Yb was dosed. Ytterbium concentration was measured by atomic absorption spectrophotometry with a nitrous oxide-plus-acetylene flame. A composite fecal sample from the 24-, 48-, 72-, 96-, and 120-h samples for each steer at each sampling period was analyzed for DM and ash, so that fecal output estimates could be corrected for ash content.
Acidified ruminal samples were thawed at room temperature and centrifuged at 10,000 × g for 10 min. Supernatant fluid was analyzed for NH 3 N by the phenolhypochlorite procedure (Broderick and Kang, 1980) and Co concentration by atomic absorption spectroscopy using an air-plus-acetylene flame. After addition of 2-ethylbutyric acid as an internal standard and recentrifugation, VFA concentrations were analyzed by gas chromatography (Goetsch and Galyean, 1983) .
Calculations and Statistical Analyses. Fecal Yb excretion curves were fitted to a one-compartment model (Pond et al., 1988) using the nonlinear regression option (Marquardt method) of SAS (1988) . Particulate passage rate, retention times, gastrointestinal fill, and fecal output were estimated using the one-compartment model (Krysl et al., 1988) .
Intake was estimated from fecal OM output and invitro OM digestibility estimate of the composite masticate for each steer's specific treatment and the respective supplement. Fecal output contribution for the supplement was calculated from quantity of supplement consumed and in vitro OM digestibility of the supplement. Forage fecal output was determined by the difference between total fecal output and fecal contribution of the supplement. Subsequently, harvesting efficiency was estimated from forage OM intake and daily grazing time (g of forage OM intakeؒkg of BW ). Ruminal fluid passage rate and volume were calculated from regression of the natural logarithm of Co concentration on time after dosing (Uden et al., 1980) .
Using the GLM procedure of SAS (1988), diet composition, forage and total intake, particulate and ruminal fluid kinetics, in situ digestion coefficients, grazing time, and grazing efficiency were analyzed as a splitplot in a completely randomized design (Gill, 1986) with treatment (i.e., type of supplement) as the main plot tested against steer within treatment (error a) and the effect of sampling period and the treatment × sampling period interaction as the subplot tested against residual error (error b). Time-sequence data for ruminal pH, NH 3 N, and VFA were analyzed as split-split-plots in a completely randomized design with sampling time and the respective two-and three-way interactions added to the model; no significant three-way interactions (P > .10) were detected. When a significant F-test was detected (P < .10), orthogonal contrasts (control vs soybean meal + leather shavings and soybean meal vs leather shavings) were used to evaluate treatment differences. If a significant treatment × collection period interaction (P < .10) was detected, the Least Significant Differences procedure (Steel and Torrie, 1980) was used for mean separation.
Results and Discussion
In situ OM disappearance of the supplements differed (P < .05) at all incubation times (1, 3, 6, 9, 12, 24, and 48 h; Table 2 ). Both supplements had approximately a 28% washout (time = 0) prior to incubation. Thereafter, the soybean meal supplement had greater OM disappearance than the leather shavings supplement. This difference was the greatest (∼20 percentage units) between 9 and 48 h. If soybean meal in the leather shavings supplement mix had a disappearance similar to that of the soybean meal supplement, then the apparent disappearance of the pretanned leather shavings within the leather shavings supplement was approximately 25%. This is greater than the in situ value (approximately 8%) determined in a previous study (Ackerman et al., 2000) but is still indicative of providing a significant quantity of N to the lower tract.
Treatment × sampling period interactions were not detected (P > .10) for OM intake, grazing time, or harvesting efficiency estimates. No differences were noted (P > .10) for forage OM intake, grazing time, or harvesting efficiency as a result of supplementation or type of supplement provided. Forage OM intake (Table 3) was similar to the amounts reported by Hess et al. (1994; 14 .5 g/kg of body weight) with unsupplemented steers grazing these same pastures. Total OM intake was increased (P = .09) in supplemented steers compared with control steers but was unaffected (P = .90) by supplement type. This increase reflected only the addition of the protein supplement, because forage intakes were similar. Intake responses to supplemental protein are inconsistent when forage N content ranges between .8 and 1.1% (Allden, 1981) . In our study, dietary N ranged from .6 to .8%, and the reason OM intake remained unchanged is unclear. Other researchers (Hess et al., 1994) working on these same pastures and supplementing with either alfalfa hay, cottonseed meal, or corn gluten-wheat bran feed also noted no increase in forage OM intake. Forage OM intake, total intake, daily grazing time, and harvesting efficiency increased (P = .01) from February to March. An increase of similar magnitude from February to March was reported by Krysl and Hess (1993) .
Treatment × sampling period interactions (P > .10) were not observed for particulate or fluid passage estimates. Particulate passage rate, gastrointestinal fill, gastrointestinal mean retention time, and intestinal transit time were not affected (P > .10; Table 4 ) by supplementation or the type of supplemental protein.
Whereas protein supplementation has often increased particulate passage rate and increased intake (Freeman et al., 1992; Hess et al., 1994) , the lack of any increase in intake or particulate passage in the present study suggests other mechanisms or factors controlling intake and passage are operative. Further studies are needed to understand the mechanism(s) that control the complex interactions of intake and digesta kinetics.
Gastrointestinal fill (g of OM/kg of body weight) increased (P = .01) from February to March. Similarly, Barton et al. (1992) reported that particulate passage rate and gastrointestinal mean retention time were not altered when supplemental protein was provided to steers grazing the same pastures and supplemented with cottonseed meal.
Ruminal fluid passage rate, fluid volume, and turnover time were not increased (P > .10) by type of supplement fed or by sampling period (Table 4) . Similarly, Loerch et al. (1983) reported no change in fluid dilution rates in unsupplemented ewe lambs in comparison to those supplemented with soybean meal, blood meal, meat and bone meal, or dehydrated alfalfa. Conversely, steers in a previous study with pretanned leather shavings (Ackerman et al., 2000) had an increase in fluid passage rate and a decrease in turnover time.
No treatment × sampling time or treatment × sampling period interactions (P > .10) were noted for ruminal VFA, pH, or NH 3 N, except for molar proportions of butyrate (P = .04) and valerate (P = .03), which exhibited a treatment × period interaction. However, the nature of the interaction did not preclude evaluation of main effects (changes in magnitude of differences but not direction). Ruminal pH was lower (P = .04; Table  4 ) for supplemented steers than for control steers, and supplementation treatments (P = .80) and sampling periods (P = .73) did not differ. Supplementation has Table 3 . Forage and total OM intake, daily grazing time, and harvesting efficiency for steers grazing dormant wheatgrass pasture supplemented with either soybean meal or a mix of soybean meal and leather shavings Observed significance levels for contrasts: 1 = CON vs SBM + LS; 2 = SBM vs LS. often been linked to decreased ruminal pH associated with rapid fermentation of digestible nutrients (Horn and McCollum, 1987) ; we observed this effect with both supplements. In a previous study (Ackerman et al., 2000) , pH decreased .1 pH unit by supplementation. The reason for this lesser decrease may be a result of the good-quality hay provided and the lower amounts of supplements given in that study.
Ruminal NH 3 N concentration was altered (P = .02; Table 5 ) by supplementation. Soybean meal-supplemented steers had the same (P = .71) ruminal NH 3 N concentrations as leather shavings-supplement steers. Conversely, in the previous study (Ackerman et al., 2000) , soybean meal-supplemented steers had greater ruminal NH 3 N concentrations. The reason for this difference is not certain, but the lower-quality diet (.6 to .8% N) in the present study may be at least partially responsible. Utilization of N by the ruminal microbes may match the release from the protein supplements in this study, allowing for little buildup of NH 3 N from the soybean meal supplement. Ruminal NH 3 N concentrations increased between sampling periods, suggesting that cattle were selecting a slightly higher-quality diet in March than in February. Values in our study are consistent with ruminal NH 3 N concentrations reported for dormant intermediate wheatgrass (4.6 mg/ dL; Park et al., 1994) .
Total VFA concentrations were increased (P = .01; Table 5 ) by supplementation, and supplementation groups did not differ (P = .60). Total VFA concentrations were similar to those reported by Hess et al. (1994) . Increased total VFA concentrations were also noted in a previous study (Ackerman et al., 2000) and were attributed to the ruminally degradable protein in the soybean meal. Ruminal molar proportions of acetate and propionate and the ratio of acetate:propionate did not differ (P > .10; Table 4) among treatments. These results are similar to a previous study (Ackerman et al., 2000) in which no differences were noted in these measures as a result of the supplements provided. Supplementation No treatment × period interactions were detected (P > .05) for any variable except for butyrate and valerate; however, the nature of the interaction did not preclude evaluation of main effects. increased molar proportions of butyrate (P = .04), valerate (P = .02), and isovalerate (P = .05) and leather shavings supplementation increased (P = .10) isobutyrate proportions over those in soybean meal-supplemented steers. Similar minor changes in these metabolites were seen in a previous study (Ackerman et al., 2000) and may not be biologically meaningful.
Implications
The by-product used in this study is a potential source of nitrogen for cattle grazing dormant pastures. Results of this study with moderate dietary amounts demonstrate no negative effects on forage intake, passage of digesta, digestion, or grazing behavior. Further work under a variety of pasture conditions to determine beneficial ratios between pretannned leather shavings and other ingredients is needed.
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